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Mean Seasonal Precipitation Raster file
from Drawing B-166

Introduction and Background

Drawing Number 866 (Dwg.B-166)(Figure9: see Appendix ¥has ben the standard fomean

seasonal isohyet®r Contra Costa Coungince it was created in December 1977. It is used in

conjunction with the Precipitation DuratieRrequencyDepth curvegDwgs B-158 thru B162) to

estimate design rainfall amounts for ti@ntra Costa County Flood Control & Water Conservation
5AaGNROGQa | YyAG | @ RNR 3INI LK nyitlesifér thékRatioffaRMeth@ig. S a G A Y I
B-166 was created on an American Automobile Association (AAA) basé\pgrently AAA worked

with the Contra Costa Coun®ublic Works Department in other mappipmjects, whickHostered the

use of their map as the base map fowg.B-166.

Drawing 32982 (Figurel0) was createdn September 1983t was apparentlyntended to be a larger

version oDwg.B-166.Dwg.DH by H Q& GAGE S awl Ay FrEt kwdzy2FF { G GA2Yy
intended for slowing gauge locations, not enlargiBgvg.B-166with accuracyBy closénspection,one

can see that thésohyetsfrom these two drawings do not perfectly match.

Figurelis a closeup overlay ofa GIS layer made frobwg.D-2982 isohyet®ver Dwg.B-166.The
dashed blue linem the figure are from theDwg.D-2982 baseds1Sayer. This figure clearly shows that
the Dwg.D-2982 basedsISayer does not accurately represedivg.B-166.

'¢ kS 5AaGNAO0G OfdundiutidergorumdhiR@nd SDhdyf& F S/ 2y N> [/ 2aia [/ 2dzyiéQa ¢
http://www.cccounty.us/index.aspx?NID=442
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Figurel Closeup Overlay ofDwg.D-2982 Based Isohyets dbwg.B-166
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During 199Jandthrough 1993the Public Works Department converted tB®untybase maps to CAD
format. A few years later, theisohyetswere also digitized into CADhis was dondy digitizing the
isohyetson a digitizer tabletByobservation it is clear that the electronisohyetswere takenfrom
Dwg.D-2982 not Dwg.B-166.

The Isohyet interval for botBwg.B-166 andDwg.D-2982 is 2.5 inches, but the interval on the
electronic versiorf Dwg.D-2982is 0.5 inches. Fromvorkingdrawings in the office, weansee that
someone interpolated between the 2iBchintervalisohyetsby hand Thesehand-drawn lnes were
digitizedto create the 0.5nch intervals.

Around 2001 time frame, the CADdatawas converted t@ GlSformat. To havea GIS layer thatanbe
symbolized by various colors for differankan seasonal rainfall depths, a polygst8ayer was
created with the rainfall depth of the polygons equal to the average of the Isohyet lines they were
between. Thisreatedad & 1 SLILISRE @&iksA 2y 2F GKS

Using thepolygon GIS layereated fromDwg.D-2982, ve createdaraster. Aprofile cut acrosa part

of this rasteris shown irFigure2d ¢ KA & FA3IdzZNBE RSY2yaidN»GdSa GKS aadsSL
layer.This GIS layer has been dsxtensively for display purposes and to some extent for calculations.

It is unclear how often it has been used and if it has resulted in any significant errors in estimating

seasonal or storm rainfall amounts or intensities since it is not based1&tB

2 CAD = Computer AideceBign

51y SEIFYLXS 2F | &N &d S NIpofk grid bf pikels eashinithta sgedffic @idr. Alrésteris A & YT
a grid where each square of the grid (pixel) can represent other types of data besides color. In this report, the

raster is a gd where each pixel represents a mean seasonal precipitation depth.
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Purpose

The purpose of thisffort isto create an accurate raster based on thd &b isohyets for use in GIS.
Using araster layerof the Mean Seasonal Precipitation (M8@uld be much more effectivand
accuratethan a vector layerl{ne or polygonin many waysAraster layer represent a smooth surface of
the MSPas shown irFigure3 rather than a stepped surfacen inFigure2®. The newrastercanbe

used for presentations and calculations in more ways thaactor representation. Itanalso be used
more efficientlyin GlShydrology softwaresuch as Arc Hydro and HEE@oHMS.

TheoriginalBucc 6+ a LINPRdIzOSR 6& KFyR dzzaAy3d &a42YS aF NIA&AG!
sophisticated methds in use todaysuch as the PRVS program used by the National Weather Service
in their NOAA Atlas project.

The intent of this effort is toepresentbetter the 1977Dwg.B-166 for future use and replacement of
the current Isohyet vector layertVe willalsoproduce a version ddwg.B-166 overlaid with the
detailed isohyets resulting from this work.

* Figure3is a profile taken from the same location Bigiure2, but through the final MSP Raster created from this

work.
° PRISM (Parametalevation Regressions on Independent Slopes Model) climate mapping system, developed by
Dr. Christopher Daly, PRISM Climate Group direbtityp://www.prism.oregonstate.edu/
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Figure2 Cross Sectionhfough the Raster Created fromayerfor Dwg.D-2982.
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Figure3 Cross 8ction Throughthe Raster Created from theifral MSP Raster.
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Overview
After discovering the inaccuracy Bfvg.D-2982 this effort wasundertakento create a raster layer for
the mean seasonasohyes from Dwg.B-166 using thefollowing steps:

1. GeorectifyDwg.B-166using roads for alignment
2. Digitizethe Dwg.B-166isohyetsas polylines with Zalues
3. Use 3D Analyst Todisr surfaces and contout® create araster based on the digitizeédohyet
polylines
4. Checkhe Raster
a. UseSpatial Analyst Toote createisohyetsfrom the raster
b. Visuallycomparethe createdisohyetswith the digitizedisohyets
5. Revise raster creatiolayers andnmethodsand repeat process until raster is adequate for use.

Though we were not working with ground elevations and ground contours (topography), use3i the
Analyst Tools and Spatial Analyst for surfaces and conteassappropiate. The isohyets are isolines
just like contours. They are lines of equal mean seasonal rainfall just like coatelirges of equal
elevation.

Process Details
Thissection provids details and figures showing the process followed and the decisione miaile
creatingthe MSP Rasteihe larger figures are in Appendix A.

Georectification of Drawing B -166

Dwg.B-166 was scanned in color to a jpg flledcan be seen ifigure9. In this figure, the image is not
perfectly square with the page because it has been aligned to line up best with the next presented
image. It has been rotated and resized with a preserved aspect(ratidt has no distoribon from
original scan other than scadand rotation).

The georectificationf an image can betadiousprocess To do this, one chooses a point @achlayer
that represensthe same geographic locatiofhen another point is selectesh each layerand
another, etc Each time a point is added, the image being georectifieotéed, stretched or
compressed to hold thpreviouspoints based on specific ruléBhis processB F G Sy OF f £ SR
AaKSShAy3a¢ 0SSOl dza S steeEhediditthedefetencé goist lodalohsEh& moked
points that are setthe more the image being geartified becomes constraineth ArcMap, he user
Ol y & NgintSpresidhigly sein an effort to get a better fitBecause the AAA maplikely not in
the samegeographic projectiomsthe other countyGIS layesand because of other reasons (image
stretch during scanning, et¢g perfect fitcannotbe expectedIn thisprocesswe used theGISoad
layer togeoreferencghe Dwg.B-166 imagebecause the roadaere the most prominentountywide
feature.
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We must keep in mind that we are dealing with an origmab( K I K | die tatAefotigimal €

rainfall data used to create it (limited geographic spread of gauges and limited years of data) and human
judgment. Therebre, some level of inaccuracyiigerent in the original. For all we know, errdisany)

that we introduce due to an imperfect fit could be errors in a direction that is more tioueality.

Figurellshows a comparison of the raw and georectifisthges This overlay was dor® matchingor
holdingaLl2 Ay i ySINJ GKS OSYGiSNI 2F G(GKS VYupdeHetigo®eérdll 6§ KS &S
the title block. You can see that areas to the northeastithwest and northwest ofa line between

these pointd NB & 2 dzd 2 K A #feeBddos duch the image wagorectifiedto fit the

roads in the image to the GIS roads layggurel2 shows the georectified jpg overlainith the major

roads layer. This shows how the roads on the map inmagieh-up with the roads in the Gi8ajor

roads layer.

Digitizing Isohyets

Theisohyetsof the georectified imagevere digitized directlyn GIS, not on a digitizing paahdthe

results areshownin Figurel3. Thedigitizingprocess is simple, but tedious. After digitiziemoothing of

the lines was done occasionally using the GIS smoothing tookmbisthingtakesoutthe & 1 A ¥f a €

the lines that arénherent to manual digitizind. & Ol y |t a2 Ay idNRRdzOS a2YS 3ISy
digitized lines. Careful inspectiamd adjustments areequired after smoothing the digitized lines.

2KSy 4SS ONBIFGSR (KS A&az2KeSit LrRteftAaAyS ak$ars FaES:
0S0IdzaS | a%é O02YLRYSyld Aa ySSRSR 6KSy ONBIFGAY3T N
field was added in the data table of new shape file. This field was used later for interpolating the MSP

raster.

Raster Interpolation

Using ArcGI8.3, we performed a raster interpolation using t13® Analyst Tools > Raster Interpolation
> Topo to Rastefunction. The settings used for this operation were as follows; for the rest, defaults
were used:

1 Raster cell size: 200 feet (initial processing)
9 Drainage EnforcemenNO_ENFORCE

Though we were not working with ground elevations and ground contours (topography), use of the
Topo to Raster function was appropriate. The isohyets are isolines (like contours) of the mean seasonal
rainfall. They are linesf equal mean seasonal rainfall just like contoaslines of equal elevation.

Raster Review

Contours can be created from a Raster usingSpatial Analyst > Surface > Contotio®l. By creating
contours (or isolines) froragenerated raster, weansee and compare the subtle characteristics of the
MSP raster better than by using the GIS color ramps or other display options. The settings used for this
operation were as follows:

9 Base Contour: 8.5 inches (units for isohyets instead of contours)
1 Contourinterval: 0.1 inches
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Figurel4 presents the results. Thaark outlined areasn Figurel4identify locations where the isohyet
pattern needed to be adjusted. In those locatioti® isohyetshad anomalies and errors inconsistent
with what we would expectin severalother placesthe created contours are not smootr they were
too far apart

Creating Supplemental Isohyets

The2.5inchisohyets orDwg.B-166 havesomelargegapsbetween the isohyetand, as seen above,

they did not produce good, smooth resul8upplemental isohyetwere usedtad i NI Ay ¢ G KS NI &0 ¢
creation process to more accurately produce the MSP rdkegtrwe would expect if we were to

interpolate the isohyets by hand.

2S5 RSOARSR (2 ONBFGS AYUSNYSRAI GSnchidtevllbedWe 08 aGAY
interpolatedo @ YIF {Ay3 | GSYLRNINE apgSoé¢ 2F LRtetAySa oS
the supplemental isohyets hysing CtdF7 to snafo the center of the web segments. With the

supplemental isohyets created, we had a set of 4ir#zh interval isohyet$n some area of the map

After processing the 2:Bich (primary) and 1.28ch (secondary level) interval isohyets, we determined

that further definition was needed and created a third level isohyets at Oi6&b intervals in key
locaions.Figurel5a K2 ga YlIyeé 2F GKS aoSo¢ tAySa ONBFGSR FyR
dza SR (G2 aAyGSNLRt-ihchiSohyeshy 0SG6SSy GKS Hdp

The 1@inch isohyet near the north arrowonDwgMBc ¢ g & Y2RAFASR G2 NBY20S
modification resulted in a better looking edge to the MSP raster and resulting isohyets. The overall

effect to the County MSP raster was very minorlyQhe last two figures in the appendix reflect this

change.

Raster Fill

2S F2dzy R GKI 0 A Gsinkstindhe yr&tedrastet NB a A g1 aFTART | tdStt Ay
hasthe lowestvalueof all the cells around itTheSpatial Analyst *Hydrology> Fill tool was used to

perform this task. This function raises low spots in the raster so that no cells arel$iekgacement of
supplemental isohyets reduced the number of fill areBtsere wereoriginallythree locations where the

raster dppedand had sinksvhere we thought it should noOnly two of those were in Contra Costa

County and the max fitlepth is less than 0.09 fedn the end, the supplemental isohyets eliminated the

sinks except for one in Alameda County. That sink wad il the fill procesghough it has little

bearing on the Contra Costa County isohyets.
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Arc Toolbox Model

To make these threstepseasily repeatable, an Arc Toolbox model was created. This allowed for quick
changes and runs of the process without imgvio worry abouspecificsettings that remained the

same Figure4 is a screen shot afne of theearlymodels used. Later models became more complex and
included clipping the results for different presentation in this report and for the final GIS layers.

Onceamodel is run, it can be copieahd the input and output layers can be changéthen the first

input layer (digitizedsohyet® A & OKlF y3ISRI &2 dz KI @ Sooliokens@ré&@O] G KS
the correct attribute table field is selected. For new runs with nmlylinefiles (dark blue oval)putput
files(green ovals), you have to rename filegoudo not want tooverwrite previous workWe did not

use the optional outputswhite ovalg for the Topo to Raster to@nd so they show up as uncolordd
washelpful tokeep the results from eadierative step for comparison during this iterative proses

Figure4 Example of arArc Toolbox ModelMade for thisProject.
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Surrounding Counties

Alameda County Isohyets

A copy of theAlamedaCounty isohyet map was scanned and georectified to beBifiy.B-166. Figure

5is a view othe border with theAlamedaCounty isohyet map superimposed Dwg.B-166along with
1-inchinterval isohyets generated from a neeomgete MSP rasteiThe correlation is not very good
between the two counties except at the east limits of our shared boundary. In general, the Contra Costa
Countyisohyetsare higher (more conservative) than the Alameda Coisuliyets

Figure5 Alameda County IsohyeComparison
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An area centered around the Collier Canyon Road was one of the sinks. We noted thatrtble 14

isohyet has a similar shape as, but is offsemn, our 17.5inch isohyet on B66. Our opinion is that the

Alameda County isohyet shape is consistent with ours and so we could use it. We copiedta 16

isohyetthat we had created, trimmed it at the county border, traced the Alameda Countpd#

isohyet, used the fillet tool to make a smooth transition between them, and joined thenmF{geee16).

This made a supplemental isohybat we coull use in the creation of the MSP Raster. The result was

0KS NBRdAzOGA2Yy 2F (GKS aAiAyl Ay | £23A0Ff YIFIYYySN IyR
isohyets.

Rectifying the disparity along the county limeasnot in the scope of this effort. It wisuffice to note the
difference and accept the Contra Costa County MSP as either more accurate, or more conservative.

Solano County Isohyets

A copy of the Solano County isohyet map was scanned and georectified to gy fB-166.Figure6

is a view obur county border with the Solano County isohyet map superimposebDwg.B-166.From

this figure we can see thattte isohyets do not line up. Thieend of rainfall depths b the Solano map is

that the depth increasefrom Contra Costa County northsome place 2t I y2 [/ 2dzy & Qa a{'t
and in othes,itis lowerthay 2 y (1 NI/ 2 & (Al &/ A20dgy G &f QavdS Rl / 2dzy i@z G KSN
north of our MSP Raster north of Pittsburg and Antioch. To eliminate thiswginéopied an 14nch

isohyetthat we created and modified it to extereimost duenorth. The resulting MSP Raster and

contours generated fronit were used in the final MSP Rest
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Again correctingthe disparity along the county lingasnot in the scope of this effort. It will suffice to
note the difference and accept the Contra Costa County M&Pmay pursue a future effort to
understand and reconcile the difference betweda® (162 O2dzy i ASaQ Aaz2KeSdao

Figure6 Solano County Isohyet Comparison

Figure7 San Joaquin Coun
San Joaquin CountyIsohyets Isohyet Compariso

A copy of the San Joaquin County isohyet map was
scanned and georectified to best Biwg.B-166.Figure7
is a view of that county border with the San Joaquin
County isohyet map superimposed Bwg.B-166. Again,
the isohyets do not match well. No adjustments were
made to the Contra Costa County isohyets.
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Surrounding County Isohyets

Thedisparityof isohyets duringgomparison between the three surrounding counties prompted a quick
study of the composite of all three. A very rough digitization of ecklzy” ie8p@diive isohyetsas

done. An Arc Tool model was built to systematically perform a comparisde @dntra Costa isohyets
with each of the other counties and display the results in an exlilgrel7is the results of that

effort, and it showshe relative differences where the isohyets of the other counties cross the Contra
Costa linch interval isohyets. This figure is only for information and no other action was prompted by
the resultsthat it shows.

State Isohyets

We locatedvia Caltransa 1976 Stateisohyet magrom the Department of Water Resourc8sllletin
195. We later located what appears to be the same map from a California Rainfall Summatyulste
1981The portion that covers the Bay Area is simawFigure8. No study to rectify these data sources
was undertaken.

Figure8 DWR Isohyet Map Coverage of the Bay Area
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